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(54) SINGLE CRYSTAL OF LITHIUM TANTALATE AND METHOD FOR PRODUCING THE SAME 

(57)Abstract : 

PROBLEM TO BE SOLVED: To provide the single crystal of lithium tantalate having a 
congruent composition close to an unconventional stoichiometric composition and 
having a good crystallinity, and also to provide a method for producing the same. 
SOLUTION: The single crystal of lithium tantalate has a mole ratio Li/Ta of 0.95 or 
larger of the congruent composition and Curie temperature of 610°C or higher. The 
single crystal is grown in a czochralski method while the varying width of a gas 
pressure is being controlled below 10 hPa in a furnace for growing the single 
crystal where the partial pressure of an oxygen gas is 5-20 hPa and the partial 
pressure of an inert gas of is below 900 hPa, so that the single crystal, having few 
defects, a high quality and a uniform composition, can be grown. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

;claim(s)] 

^Claim 1]A lithium tantalate single crystal whose mole-ratio Li/Ta of a KONGURUENTO 
presentation is size from 0.95 and whose Curie temperature is higher than 610 **. 
[Claim 2]Are a manufacturing method raised with the Czochrlski method, and, in 
oxygen gas partial pressure, 5-20 hPa and an inactive gas partial pressure the 
lithium tantalate single crystal according to claim 1 within a si ngl e-crystal -growth 
furnace of 900 hPa or less, A manufacturing method of a lithium tantalate single 
crystal pulling up a training single crystal from melt controlling the gas pressure 
range of fluctuation to 10 hPa or less. 



[Translation done.] 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 

;oooi] 

^Field of the lnvention]this invention -- as the substrate for surface acoustic wave 
(SAW) elements, an optical element, etc. -- suitable -- business -- **** -- a 
lithium tantalate single crystal -- and it is related with the manufacturing method. 

;0002] 

^Description of the Prior Art]Conventional ly , generally the Czochrlski method is 
used for manufacture of a lithium tantalate single crystal. After carrying out heat 
melting of the raw material filled up with this method in crucible, a seed crystal 
is contacted to that melt, It can be made to be able to grow up to the crystal 
diameter made into the purpose by temperature operation, pulling up a seed crystal 
after an appropriate time, and the lithium tantalate single crystal of the same 
direction as a seed crystal can be obtained after that by temperature operation 
which keeps a crystal diameter constant. 

[0003]. Since the melting point of lithium tantalate is about 1650 **, expensive 
iridium of a refractory metal is usually used as crucible material, and carry out 
melting of the raw material with heating of the crucible by high frequency induction 
heating, in order to control consumption of iridium -- an oxygen density -- as much 
as possible -- it is few (for example, 2 volume %) — it is necessary to carry out 
Although a control atmosphere is performed by supplying the mixed gas of oxygen and 
inactive gas in the si ngl e-crystal -growth furnace which is a crystal training room, 
since the si ngl e-crystal -growth furnace exhaust port is opened wide, if no less than 
30-40 hPa of outdoor air pressure is changed according to the weather, the pressure 
in a si ngl e-crystal -growth furnace will be changed similarly. 
~0004] 

Problem(s) to be Solved by the lnvention]General ly , although it is supposed under 
atmospheric pressure, i.e., a 1013-hPa condition, that it is the KONGURUENTO 
presentation of a lithium tantalate single crystal about Li :Ta=48 . 3 : 51. 7 , if a 
pressure falls by about 40 hPa, a KONGURUENTO presentation will be changed to about 
Li :Ta=48.5:51.5. 

[0005]Thus, since the raw material presentation which a presentation gap of a raw 
material and a training crystal not only occurs, but remains in crucible since a 
KONGURUENTO presentation will be changed if the pressure in a si ngl e-crystal -growth 
furnace is changed will also shift, if continuously filled up with a raw material, a 
big presentation gap will arise, in order to prevent this, adjustment of a raw 
material presentation and exchange of a raw material are needed each time. Since the 
KONGURUENTO presentation under atmospheric pressure has little content of Li, there 
are many Li defects under crystal, crystal 1 i ni ty falls, and it is not preferred as 
substrates or the objects for optical elements, such as electronic parts. 
[0006]So, it aims at having the KONGURUENTO presentation near the stoichiometric 
composition which is not in the former, and providing a good crystalline lithium 
tantalate single crystal and a manufacturing method for the same in this invention. 
;0007] 

^Means for Solving the Problem]ln order to solve an aforementioned problem, 
mole-ratio Li/Ta of a KONGURUENTO presentation is size from 0.95, and a lithium 
tantalate single crystal of this invention is characterized by Curie temperature 
being higher than 610 **■ 

[0008]A manufacturing method of the above-mentioned lithium tantalate single 
crystal, It was a manufacturing method which raises a single crystal with the 
Czochrlski method, and oxygen gas partial pressure pulled up a training single 
crystal from melt, while 5-20 hPa and an inactive gas partial pressure controlled 
the gas pressure range of fluctuation to 10 hPa or less within a 
si ngle-crystal -growth furnace of 900 hPa or less. 

[0009] A defect thereby always becomes possible [ few things for which it is quality 
and a single crystal of uniform composition is raised continuously ]. 
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[0010] 

^Embodiment of the invention] Below, the embodiment of this invention is described in 
detail based on the drawing which expressed typically. 

[0011] Drawi ng 1 is a sectional view of the high-frequency-induction-heating-type 
single crystal growth device used by this invention. 

;0012]First, where the crucible 4 made from iridium surrounded with the 
= i re-resi stant ceramics 11 allocated cylindrical in the si ngl e-crystal -growth 
furnace 3 provided with the inlet port 1 and the exhaust port 2 of gas is filled up 
with the lithium tantalate raw material of a KONGURUENTO presentation, The mixed gas 
of oxygen (0.5 to 2 volume %) and inactive gas (they are nitrogen or argon 98 to 
99.5 volume %) is inhaled at the si ngl e-crystal -growth furnace 3 from the inlet port 
1. 

[0013]Next, control the exhaust air pump 7 by the pressure gauge 8 formed near the 
exhaust port 2, measuring the pressure in the si ngl e-crystal -growth furnace 3, and, 
in oxygen gas partial pressure, 5-20 hPa and an inactive gas partial pressure within 
a single-crystal-growth furnace of 900 hPa or less. Controlling the gas pressure 
range of fluctuation to 10 hPa or less, within a si ngl e-crystal -growth furnace, it 
controls so that the gas pressure range of fluctuation becomes the constant pressure 
of 10 hPa or less . 

i0014]And with the coil 5 provided in the circumference of the crucible 4, high 
: requency induction heating is performed to the crucible 4, the raw material in the 
crucible 4 is fused, and it is considered as the melt 6. Then, contacting the seed 
crystal 10 of the predetermined direction established at the tip of the bearing bar 
9 to the melt 6, controlling a high frequency output, and controlling cooking 
temperature, pull up the bearing bar 9, it is made to rotate, and a crystal is grown 
up. 

[0015]ln oxygen gas partial pressure, in the above-mentioned manufacture, 5-20 hPa 
and an inactive gas partial pressure within a si ngl e-crystal -growth furnace of 900 
hPa or less, The reason for raising a single crystal, while controlling the gas 
pressure range of fluctuation to 10 hPa or less, the KONGURUENTO presentation 
generally known as raising a single crystal in a gas atmosphere of 900 hPa or less 
-- Li -- it is because it became clear that it was necessary to control pressure 
fluctuation to 10 hPa or less in order for it to become clear that it becomes rich 
and to control a composition change within ""0.05%. 

[0016] By the above, a defect is quality very small, and from 0.95, it is size, and 
Curie temperature is higher than 610 **, and the single crystal of uniform 
composition, i.e., mole-ratio Li/Ta of a KONGURUENTO presentation, can obtain the 
outstanding single crystal which does not almost have dispersion in Curie 
temperature. Since Curie temperature is high and there is no dispersion, it is 
applicable to the outstanding optical application with a large nonlinear optics 
constant. 
;0017] 

^Exampl e] Next , the more concrete example of this invention is described. 
^0018]After mixing the raw material of tantalum pentoxide with lithium carbonate of 
99.99% of <Example 1> purity at a rate of 48.8:51.2, it calcinated with the electric 
furnace (atmosphere: atmosphere), and mole-ratio Li/Ta of the raw material 
presentation produced the lithium tantalate raw material of 0.953. 
[0019]lt set in the high-frequency-induction-heating type single crystal growth 
device shown in drawing 1 with the seed crystal 10 whose path of a tip part is 6 mm 
in the direction which filled up the crucible 4 made from iridium 180 mm in inside 
diameter, and 180 mm in height with the produced raw material, raised it, and leaned 
34 degrees - 44 degrees of directions to z shaft orientations from the Y-axis. 
[0020]Then, the mixed gas of oxygen gas 1 volume % and nitrogen gas 99 volume % was 
inhaled from the inlet port 1, exhaust control of the exhaust air pump 7 was 
performed, measuring gas pressure with the pressure gauge 8, and it controlled so 
that the gas pressure in the si ngl e-crystal -growth furnace 3 was set to 
900hPa**5hPa. 

[0021]Subsequently, the coil 5 performed high frequency induction heating to the 
crucible 4, and the lithium tantalate raw material was fused. After carrying out 
temperature up of the melt skin temperature after a raw material melts and holding 
it for 1 hour to 1680-1690 ** higher 30-40 ** than 1650 ** of the melting point, 
melt temperature was lowered to the melting point. 

[0022]Subsequently, after making it descend slowly and making an oil level contact, 
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rotating the seed crystal 10 at 9.5 rpm, oil-level temperature was controlled by the 
high frequency output so that the path of a seed crystal tip part was set to 5 mm. 
And it pulls up rotating the seed crystal 10 by 2 mm/hr, and after lowering 
temperature gradually and making a crystal head raise to the crystal diameter of 10 
cm in about 4 hours, the body part was made to raise to 11 cm. Thus, after 
separating the raised crystal from melt, it cooled slowly to the room temperature in 
30 hours, and the crystal was taken out. 

[0023]Similarly, mole-ratio Li/Ta of the raw material presentation fused the lithium 
tantalate raw material of 0.96, and raised the single crystal with the single 
crystal growth device shown in drawing 1. 

[0024]Mole-ratio Li/Ta from 0.95 any training single crystal in this way by adult 
KONGURUENTO presentation. The composition change at this time could be suppressed 
within **0.05%, Curie temperature was higher than 610 **, and the dramatically 
outstanding lithium tantalate single crystal of the crystal 1 i ni ty in which 
dispersion in Curie temperature moreover does not have a defect of 0.2 ** or less 
has been raised. 

[0025]Using the same crucible as <Example 2> example 1, the single crystal growth 
device, and the seed crystal, the gas pressure in the si ngl e-crystal -growth furnace 
3 was controlled to 500hPa**5hPa, and crystal training was performed. 
[0026]After mixing tantalum pentoxide with lithium carbonate of 99.99% of purity at 
a rate of 49.1:50.9, it calcinated with the electric furnace and ** (atmosphere: 
atmosphere) mole-ratio Li/Ta produced the raw material 6 of 0.97. 
i0027]lt set in the single crystal growth device which fills up the crucible 4 made 
: rom iridium of the same size shape as Example 1 with the produced raw material 6, 
raises it, and shows drawing 1 a direction with the seed crystal 10 whose path of a 
tip part is 6 mm in the same direction as Example 1. 

[0028]Having inhaled the mixed gas of oxygen gas 2 volume % and nitrogen gas 98 
volume % from the inlet port 1, and measuring a pressure with the pressure gauge 8, 
it controlled so that exhaust control of the exhaust air pump 7 was carried out and 
the pressure in the si ngl e-crystal -growth furnace 3 was set to 500hPa**5hPa. 
[0029]High frequency induction heating of the crucible 4 was carried out with the 
coil 5, and the lithium tantalate raw material 6 was fused. After carrying out 
temperature up of the melt skin temperature after a raw material melts and holding 
it for 1 hour to 1680-1690 ** higher 30-40 ** than 1650 ** of the melting point, 
melt temperature was lowered to the melting point. 

[0030]After making it descend slowly and making an oil level contact, rotating the 
seed crystal 10 at 9.5 rpm, oil-level temperature was controlled by the high 
frequency output so that the path of a seed crystal tip part was set to 5 mm. 
[0031]After lowering temperature gradually and raising a crystal head to the crystal 
diameter of 10 cm in about 4 hours, 11 cm was made to raise a body part, performing 
rotation raising for the seed crystal 10 by 2 mm/hr. After separating the raised 
crystal from melt, it cooled slowly to the room temperature in 30 hours, and the 
crystal was taken out. 

[0032]Mole-ratio Li/Ta can suppress the composition change at this time within 
**0.05% by the KONGURUENTO presentation of 0.97 in this way, Curie temperature has 
raised the dramatically outstanding lithium tantalate single crystal of the 
crystallinity in which dispersion in Curie temperature moreover does not have a 624 
** defect of 0.2 ** or less. 

Crystal training was performed for the raw material presentation under Li:Ta=50:50 
(mole ratio 1) and 5hPa**lhPa oxygen environment like <Example 3> example 2. 
[0033]ln this way, mole-ratio Li/Ta could suppress the composition change at this 
time within **0.05% by the KONGURUENTO presentation of 1.0, and Curie temperature 
has raised the lithium tantalate single crystal which excelled [ ** / 675 ] in the 
crystallinity as for which dispersion in Curie temperature does not have a defect of 
0.2 ** or less. 

[0034]when the comparative example> raw material presentation was made the same as 
that of Examples 1-3 and crystal training was performed in the atmosphere, change of 
the presentation was 0.1% or more, there were not less than 1.5 ** of variations of 
Curie temperature further, and the tendency for this variation to become large was 
seen as the number of times of raw material charge increased. A pressure changes a 
lot by causes, such as the weather, and since the gap arose in the presentation of 
the raw material which remained to a crystal and crucible since the KONGURUENTO 
presentation of the crystal was changed, this is considered. 
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[0035]lt turned at the training crystal from near a body part, and it was colored 
black. Since oxygen tension fell to about 2 hPa, an oxygen deficiency colors black, 
and since the crystal absorbed the radiant heat in a furnace and the temperature 

?radient in the solid-liquid interface fell, this is considered. 
0036] 

[Effect of the lnvention]As explained above, according to a lithium tantalate single 
crystal of this invention, and a manufacturing method for the same, a defect is 
quality very small, and there is almost no single crystal of uniform composition, 
i.e., dispersion of Curie temperature, and the single crystal excellent in 
crystal 1 i ni ty can be obtained. Since the single crystal which Curie temperature is 
high and does not have the dispersion in particular can be obtained, the suitable 
single crystal for an optical application with a large nonlinear optics constant can 
be provided. 



[Translation done.] 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

^Brief Description of the Drawings] 

^Drawing l]the single crystal growth device concerning this invention is explained 
typically -- it is a sectional view in part. 
[Description of Notations] 
1: inlet port 
2: Exhaust port 

3: Single-crystal-growth furnace 
4: Crucible 
5: Coil 
6: Melt 

7: Exhaust air pump 

8: Pressure gauge 

9: Bearing bar 

10: Seed crystal 

11: Fire-resistant ceramics 
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DRAWINGS 

[Drawing 1] 
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[Translation done.] 
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